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Inherited metabolic disorders are a group of heterogeneous and complex monogenic diseases which are caused by inadequate enzymes or cofactors activity in metabolic pathways. This leads to deficiency or accumulation of specific metabolite such as proteins, carbohydrates, fats, or complex molecules.\[[@ref1]\] They may involve any organ, and clinical outcome of these disorders are usually severe which can lead to significant mortality and morbidity. The age of clinical presentation varies depending on the type of disorder, and the onset and severity are affected by environmental factors.\[[@ref2][@ref3]\]

Aminoacidopathies refer to defects in protein synthesis pathways that result in a variety of biochemical abnormalities and clinical presentations.\[[@ref4]\] These disorders are mainly inherited in an autosomal recessive fashion and are particularly prevalent in countries where consanguineous marriages are prevalent.\[[@ref5]\] The enzyme defects in intermediate metabolic pathways lead to accumulation of one or more amino acids or metabolites which are identified using laboratory methods such as high-performance liquid chromatography.\[[@ref6]\]

The diagnosis is mainly made through clinical suspicion. The clinical presentations of aminoacidopathies are often nonspecific, and these disorders are usually underdiagnosed. The diagnosis is confirmed by laboratory tests and analysis of amino acid data. However, regardless of clinical signs and symptoms, many of the aminoacidopathies are diagnosed during infancy using tandem mass spectrometry (MS/MS)\[[@ref7]\] which leads to earlier clinical intervention and improved clinical outcomes.\[[@ref8]\]

Screening infants for inherited metabolic disorders are not run in many Middle East countries. The studies conducted in some Middle East countries have demonstrated a higher prevalence of inherited metabolic disorders compared with other regions worldwide.\[[@ref9]\]

S[UBJECTS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
================================================

This research is part of a larger cross-sectional study of inherited metabolic disorders in the population aged 0--17 years old in Isfahan province of Iran between 2007 and 2015. Demographic characteristics, history of disease, developmental, and educational status as well as general and clinical condition were obtained from patient records of metabolic disorders centers and pediatric tertiary referral hospitals (Imam Housayn, Alzahra, Amin). The data needed for the completion of questionnaires developed for this purpose was gathered by a resident of pediatric endocrinologist and a trained nurse through telephone and interview with parents.

Within the 8 years, a period of 2007--2016, 5100 patients with suspected inherited metabolic disorders underwent metabolic tests with the inclusion criteria of special clinical symptoms or known family history of metabolic diseases. The diagnosis was confirmed by Wagnerstibbe Laboratory of Metabolic Diseases located in Germany, using enzymes and metabolites in biological fluids samples. The exclusion criteria were a lack of cooperation and/or parental consent and inadequate laboratory test results. The study protocol was approved by Isfahan Metabolic Research Center, affiliated with Department of Pediatric Endocrinology of Isfahan University of Medical Sciences.

Consanguineous marriage is referred to marriage between two people who are related through bloodline and carry similar genes with identical physical and chemical structure. First, cousin marriages are referred to marriages between first degree cousins \[[Table 1](#T1){ref-type="table"}\].\[[@ref10]\] Similar to the study by Carlo *et al*., the incidence proportion of the disease was derived by dividing the number of live births obtained from Department of Census and Statistics of Isfahan Province to the number of the patients diagnosed with the disease.\[[@ref11]\] Qualitative and quantitative data analysis was further performed using SPSS 22 software (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY).
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Family kinship classification and fraction of shared genes
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R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Of the 5100 screened patients, 392 had inherited metabolic disorders, of whom 55 patients suffered from aminoacidopathies \[[Table 2](#T2){ref-type="table"}\]. Notably, the patients with phenylketonuria were excluded from the study because their data were not presented by health center for analysis.

###### 

Frequency of aminoacidopathies
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The incidence rate of aminoacidopathies was 9/100,000 (1/10,989) live births. The biggest subgroup in Isfahan province belonged to tyrosinemia (1/21,509 live births). Aminoacidopathies were slightly more prevalent in girls than boys (56.9% vs. 43.1%) with 89.2% of the patients coming from consanguineous marriages. 76.6% of patients required hospitalization and tyrosinemic patients had the highest frequency of hospitalization (over 10 times). Of the patients with aminoacidopathies, 49% presented during neonatal period and 39% at 1--12 months of age. The onset of presentation in tyrosinemic patients was more frequent (50%) in the age group of 1--12 months. Maple syrup urine disease (MSUD) had the highest frequency of symptom presentation (61%) in neonatal period, and most (44.4%) of the MSUD patients were diagnosed at this time. However, the highest number of patients with aminoacidopathies (47.7%) was diagnosed in the age group of 1--12 months. The most prevalent symptoms in this group of patients were developmental disorders and convulsions while half presented with growth disorders at follow-up \[[Table 3](#T3){ref-type="table"}\].

###### 

Frequency of clinical symptoms in aminoacidopathy patients
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Nearly, 12.5% of patients studied in regular schools and the rest attended special schools or were not trainable. Previous infant death in the family was reported in 8.9% of patients. The prevalence of abortion was 19.6% mainly due to homocystinuria (28.6%). Mortality rate was reported in 35.5% of patients. One-third of deaths was reported in the MSUD subgroup.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The findings of this research revealed that 89.2% of patients suffering from aminoacidopathies were from consanguineous marriages, 73% of which took place between first cousins. This finding represents the high rate of consanguineous marriage in the region of study, as with other Middle East countries such as Lebanon and Saudi Arabia.\[[@ref5][@ref12]\] Our data indicated that organic acidemia was three times more frequent than aminoacidopathies, which is inconsistent with the studies conducted in other countries including Oman, Lebanon, and Saudi Arabia where aminoacidopathies have been reported to be 3 times more frequent than organic academia.\[[@ref13][@ref14]\] The higher frequency of phenylketonuria and tyrosinemia is in agreement with the studies in other Middle Eastern countries and Mediterranean region such as Italy and Tunisia.\[[@ref11][@ref15][@ref16]\] [Table 4](#T4){ref-type="table"} compares the frequency of aminoacidopathies in our study and other studies. In the study by Pishva *et al*. in Shiraz, South of Iran, MSUD was reported to be less frequent than our study (7.4%).\[[@ref17]\] In this study, approximately half of the patients had delayed diagnosed after 1 year of age because of the unavailability of newborns screening. This is despite the fact that 88% of the presentations mostly occur in the 1^st^ year, and the diagnosis was mainly based on clinical symptoms.

###### 

Relative frequency of aminoacidopathies compared to previous studies
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Male to female ratio was 1.3/1 in our study which is inconsistent with the studies in Libya and Lebanon (1/1.2).\[[@ref18][@ref19]\] This inconsistency in the findings could not be clearly explained. The diagnosis of tyrosinemia and MSUD was mainly made before the 1^st^ year of life, but other disorders were diagnosed at 1--5 years of age. The onset of clinical symptoms of MSUD, tyrosinemia, and nonketotic hyperglycinemia was seen mainly in neonates. According to the study by Laila in Egypt, the diagnosis of homocysteinuria and tyrosinemia was made after the 1^st^ year of life, but MSUD and nonketotic hyperglycinemia were identified prior to 3 months of age.\[[@ref20]\] The Libyan study showed that all disorders were diagnosed before 1 year of age, except homocysteinuria which was diagnosed at the age of five. According to research conducted in Lebanon, tyrosinemia, and nonketotic hyperglycinemia were diagnosed at ages prior to 1 year and MSUD was diagnosed at a wide range of ages from 7 days to 13 years. Overall, one-third of patients was diagnosed prior to 1 year of age.\[[@ref19]\] The interval between the onset of disease and delay in diagnosis highlights the importance of newborns screening programs. Although no clinical suspicion among the physicians and referring system and a variety of the symptoms of these disorders could contribute to the late diagnosis.

The prevalence of aminoacidopathies varies worldwide. In this study, the overall prevalence of aminoacidopathies was 9/100,000 (1/10,989). In England, the incidence proportion of aminoacidopathies, irrespective of phenylketonuria, was 1/5354, in Canada 1/6606, in Libya 1/6158, and in Italy 1/36,389.\[[@ref21]\] The frequency of aminoacidopathies in our study was lower than that in Germany (33.3%), The Netherlands (33.7%), Austria (41%), France (34.6%), Brazil (19.3%), Egypt (62.6%), Libya (25%), and Tunisia (57.3%) and approximately similar to that in Denmark (15.4%) and Saudi Arabia (16%).\[[@ref14][@ref18][@ref20][@ref22]\]

Tyrosinemia was the most common subgroup in this study, seen in 1/21,509 live births which are consistent with rates in Qatar.\[[@ref18]\] However, the study by Laila in Egypt, Lebanon, and Tunisia reported a higher prevalence of MSUD.\[[@ref18][@ref19][@ref20]\] Pishva *et al*. (Shiraz, Iran), calculated a similar frequency of aminoacidopathies compared with the present study (including patients with phenylketonuria) but MSUD was reported as the most prevalent subgroup of aminoacidopathies (46.6%).\[[@ref17]\]

Clinical suspicion plays a vital role in detection of aminoacidopathies. In developed countries, newborn babies are screened for multiple metabolic diseases. In other countries, a more limited form of screening is performed.\[[@ref17]\] The prevalence rates reported in the present study are likely to be much lower than the actual rates, which may be due to selective screening and failure to refer these patients to endocrine centers.

Family history greatly assists in the diagnosis of these disorders. Consanguineous marriage not only predisposes the offspring to acquire inherited disorders but causes an increase in the frequency and pathogenicity of genes in subsequent generations, thus, increasing the risk of acquiring autosomal recessive diseases.\[[@ref10]\] In our study, consanguineous marriages were highly frequent. In Turkey, Stike reported consanguineous marriage as a main reason for metabolic disorders in this country.\[[@ref23]\] The study by Hamadwaleed in Saudi Arabia showed that consanguineous marriage was a risk factor for metabolic disorders which lead to a 60% predisposition to the development of genetic diseases.\[[@ref24]\] In this study, consanguineous marriage was more frequent between the parents of children with aminoacidopathies than the study in Lebanon (60%), but family history of metabolic disorders was higher in Lebanon (21%).\[[@ref19]\] The reported frequency of consanguineous marriage by Nithiwat in Thailand was much lower than our study (56%).\[[@ref25]\]

The symptoms and presentations of disorders depend on the type of study and the prevalence of disorder in the studied region. In the symptomatic patients of our study, neurological manifestation was the main presentation of inherited metabolic disorders (54.2%). Reduced IQ, delayed psychomotor development, and convulsion could alarm the physician toward the presence of metabolic diseases. MS/MS tests can be performed to confirm the suspected diagnosis. Liver diseases such as acute or chronic liver failure and coagulation disorders were seen in most patients with tyrosinemia (46.4%). Growth retardation was seen in half of the patients with aminoacidopathies. The clinical symptoms in the patients with tyrosinemia, homocysteinuria, nonketotic hyperglycinemia and MSUD in our study were consistent with other studies.\[[@ref17][@ref18][@ref20][@ref24]\] However, the symptoms in MSUD patients in our study were different from Pishva in Shiraz who presented with Lethargy, poor feeding, and convulsion.\[[@ref17]\]

In this study, the mortality rate in aminoacidopathic patients was 30%, most of whom were suffering from MSUD. The rate of death and mental retardation due to aminoacidopathies has been reported as 67% in Nithiwat, Thailand with the highest mortality in nonketotic hyperglycinemia.\[[@ref25]\] Research conducted in Libya showed that all the patients died but in this study over 60% of the MSUD patients survived.\[[@ref18]\] Unfortunately, socioeconomical factors prevent a large proportion of the patients from accessing specialized formulas who were instead breastfed or fed with the wrong formulas which load to delayed development, neurologic deficits, and increased mortality rates.

Limitations of the study {#sec2-1}
------------------------

Limitations of this study include failure to include some patients because they could not pay for laboratory test or were lost to follow-up.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Although metabolic disorders are identified as rare diseases, they are more prevalent in the studied population of Isfahan. These disorders place a large financial burden on the families and communities. Prenatal diagnosis, which is not yet available, and genetic counseling in families with history of such disorders can be effective steps in addressing this illness, particularly in the communities with high rates of consanguineous marriages. Further studies are needed to investigate the utility and economic value of screening various programs, particularly for tyrosinemia, which has a relatively higher frequency. This can lead to earlier initiation of rehabilitation, special diets/formulas, and special care which can minimize repeated hospital admissions and reduce the burden of disease on patients.
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